The presence of heavy metals in industrial wastewaters, can be an important source of pollution, and may be a severe health hazard, due to their toxicity and to the fact that they are not amenable to biological degradation. Copper is a typical environmental heavy metal pollutant. It is considered in the present study since at high concentration exceeding certain limits, it may cause severe mucosal and a central nervous irritations, necrotic changes in the liver and kidney, etc. So it is necessary to treat wastewaters containing this heavy metal to reduce its concentration before discharge.
Introduction
Copper is a widely used metal in different industries such as plating, mining and smelting, brass manufacture, electroplating industries, petroleum refining, etc. Cupric ion (Cu 2+ ) is the most frequently encountered copper form in the environment and also the most toxic form to living organisms and has been listed as one of the priority pollutants by the U.S Environmental Protection Agency (EPA). In fact high doses of copper can cause serious toxicological diseases since it can be deposited in the brain, skin, liver and pancreas. It will then lead to nausea, vomiting, headache, diarrhea, respiratory difficulties, liver and kidney failure, and death [3] . The world Health Organization recommended a maximum acceptable concentration of Cu(II) in drinking water less than 1.5mg/l [4] .
Different techniques can be used to remove Cu(II) from aqueous solutions and one can cite chemical precipitation, coagulation-flocculation, flotation, ion exchange, electro-oxidation, membrane filtration, biosorption and extraction which is the main concern of the present study. It has shown great capabilities, particularly when adequate extracting agents and diluents are used and it is simply based on the transfer of a solute from an aqueous phase to an organic one.
Chelate extraction by means of a well established copper extractant [3] , namely sodium diethyldithiocarbamate (SDDT), enables the removal of even traces from an aqueous solution into a small volume of organic solvent [2] . In fact, dithiocarbamates have the property of giving strongly colored brown water-insoluble copper (II) chelates which can be extracted by a variety of organic solvents.
Therefore the present study concerns the effect of several parameters such as the mass of the extractant, the shaking time, the ratio of the organic phase volume to that of the aqueous one, the pH and the type of solvent, on the copper extraction from synthesised solutions. Initially, a volume of 25ml of prepared aqueous solution of Cu 2+ (50mg/l) containing a fixed amount of SDDT was mixed with a fixed volume of the solvent in a glass stoppered bottle which was shaken for a fixed time to reach equilibrium, using the mechanical shaker. Prior experiments indicated that equilibrium was reached in about 10 min, a time after which the mixture was separated in a 100ml separatory funnel. All experiments were carried at room temperature and they were repeated at least twice in order to ensure the reproducibility of the results.
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Effect of extractant mass
The influence of the SDDT mass in presence of chloroform as the diluent, was examined, fixing the initial concentration of metal [Cu 2+ ] 0 , the volumes V aq and V org of the aqueous and organic phases, respectively, the shaking time t a and the stirring velocity v a . Therefore the extractant mass was increased gradually from 0.5 to 12 mg. The initial solution pH 0 , was measured and found equal to a constant value of 5.25, excluding the formation of copper hydroxide Cu(OH) 2 which takes place at higher pH values. 
Fig.2. Effect of extractant mass on the partition coefficient D
As shown in Figure 1 , the extraction ratio R increased up to a value of 99.94% as the SDDT extractant mass increased to 9 mg, before reaching a constant value where any further extractant addition would be in excess.
Theoretically and according to the following reaction [4] : CuL the supposed formed complex, 25 ml of the initial solution required 8.864 mg of SDDT, a very close value to the experimentally found 9 mg where no more complex was formed, hence confirming the proposed steocheometry. Figure 2 shows important fluctuations in the values of the partition coefficient for SDDT masses in excess (greater than 9 mg). This corresponds to the weak concentrations of copper remaining in the aqueous phase and which are below the detection limit of the analysis apparatus. In order to avoid this problem, an extractant mass of 7 mg was also tested, giving an extraction ratio close to 90%.
Effect of shaking time
Since the extraction is a mass transfer process, agitation may have a certain effect on the Cu(II) recovery.
This parameter was varied from 5 up to 120 minutes, keeping all the others constant. The results are shown in Figure 3 where for an extractant mass equal to 9 mg, the extraction percentages are not far from an average value of 98% in the considered time range, indicating a low effect on the Cu (II) recovery.
This value was reached after only 10 minutes of shaking and hence it can be considered as an optimum time value. The same behaviour was shown for an extractant mass of 7 mg where as mentioned above, the maximum extraction percentage was around 90% and was also reached in just 10 minutes. 
3-3 -Effect of the ratio V org /V aq
The volume ratio V org /V aq of the organic phase to that of the aqueous one, was varied from 0. The relationship between the extraction percentage, the partition coefficient and the volume ratio V org /V aq can be expressed as follows [5] :
The extraction percentage is proportional to the value of V org /V aq until a certain limit where R becomes constant. This is in agreement with the obtained results and the optimum value of the volume ratio V org /V aq is 1:1 corresponding to an extraction percentage of 92.45% and a partition coefficient D of 12.25. Therefore this volume ratio was retained for the further experiments.
Effect of the pH
For this case the pH of the aqueous solution before extraction was varied from 2 to 11 by using solutions of HNO 3 and 8 show the obtained results, where the extraction percentage increased with the increase of the pH reaching a value 99.39% for pH= 9, which is close enough to value of 8.5 recommended by the literature [3, 6, 7, 8] for similar extraction systems. The decrease of the ratio in a more alkaline medium (pH greater than 9) occurs when the hydrolysis of the cation in aqueous phase is important enough to disrupt the formed chelate, enabling the element to pass back into the aqueous phase [6] , hence decreasing the extraction percentage and the partition coefficient. Thus a pH equal to nine seems to be the optimal value. Dichloromethane which has the highest permittivity, gave the best extraction percentage of 99.72%.
Therefore, although Chloroform is generally more used in the extraction of copper by the SDDT in an alkaline media, Dichloromethane seems to be more efficient and is environmentally more friendly, considering its least toxicity [9] .
. Fig. 9 . Effect of the type of solvent on the extraction ratio R. 
Conclusion
The results confirms that Sodium diethyldithiocarbamate (SDDT) can be used efficiently in the elimination of Cu(II) from aqueous systems by liquid-liquid extraction, with Chloroform as the diluent, where extraction percentages over 97% could be achieved at the optimum determined operating conditions.
The investigation of the effect of the different parameters lead to the following conclusions: the extraction ratio R increased up to a value of 99.94% as the SDDT extractant mass increased to 9 mg, before reaching a constant value; an optimum value o 98% for the extraction percentage was reached after only 10 minutes of shaking; the optimum value of the volume ratio V org /V aq was 1:1 corresponding to an extraction percentage of 92.45% and a partition coefficient D of 12.25; the extraction percentage increased with the increase of the pH reaching a value 99.39% for pH= 9, in agreement with the cases of similar systems reported in the literature. Finally a comparative study of the performance of four other different solvents indicated that the use of Dichloromethane as solvent could also be worth considering.
